Summary: Seven enzymatic procedures for the determination of cholesterol in serum were compared with the Liebermann-Burchard-and a gas-chromatographic method. Using a decision matrix all methods could be ranked according to reliability and practicability. With the exception of the cholesterol oxidase-coupled Kageyama principle and the Liebermann-Burchard procedure, all the other methods showed similar reliability.
Introduction
For many years, cholesterol was determined chiefly by the Liebermann-Burchard and the Zak methods. Both procedures are prone to various interferences, which are summarized in several reviews (1) (2) (3) (4) (5) . In addition, they use a strong acidic milieu, a disadvantage which is particularly relevant in mechanised analytical systems, because of corrosion.
After Richmond (6, 7) , in 1972, reported the isolation of a bacterial cholesterol oxidase, various procedures were sooft developed for the determination of cholesterol with the aid of this enzyme. In the meantime, in many laboratories, the enzymatic methods have replaced the older procedures mentioned above. They appear to be more specific and better suited for mechanisation.
The various enzymatic methods differ with respect to the coupled indicator reaction (table 1). After hydrolysis of cholesterol esters in the presence of chofesterol esterasej cholesterol oxidase activates the oxidation of cholesterol to A 4^c holestenon. The resulting H 2 O2 is measured in most procedures.
For comparison, we selected 3 test kits based on Trinder's reaction (8) , but with differences in the reaction mixture, one test kit applying the Hantzsch reaction according to Kageyama (9) , one test kit using the NADP-coupled aldehyde dehydrogenase reaction (10) and one test kit following the principle first described by Harden & Helger (11) . In addition the Liebermann-Burchard procedure and a gas Chromatographie method were included in this study. The last method was primarily used to investigate the accuracy of the other tests. In an earlier report we found, in accordance with Attain et al. (12) , that the procedure of A bell et al. (13) often recommended for reference purposes, leads to cholesterol values which are approximately 10% higher than those determined with enzymatic methods.
Materials and Methods
Enzymatic methods All enzymatic methods were performed with commercially available test kits. The abbreviations used and some relevant data are summarized in table 1. Concentrations of the various components are listed in table 2 only for the Trinder principle, because the test combinations chosen show significant differences. For further details, see the information distributed by the manufacturers. All test kits were used as supplied by industry without further modifications. With the Kageyama procedure the incubation period was extended to 75 minutes according to I.e. (32) . The ABA 100 and Labtronic ES 25 system were set up as reported in table 3 and 4.
Liebermann-Burchard procedure
The Liebermann-Burchard reaction was performed with a SMA 12/60 from Technicon (Technicon GmbH, D-6368 Bad Vilbel) Gas chromatography For gas chromatography we used the method of Siekmann et al (14) . The derivatisation was found to be unnecessary, and was , omitted. (0.5 mol/1) in ethanol were incubated 30 min at 56°C. After cooling to room temperature 6 ml cyelohexane were added. The mixture was vigorously shaken for 5 min and then centrifugated at 4000 r.p.rrh (5 min). Four ml of the cyelohexane phase was evaporated and the residue dissolved in 100 μΐ + 1 ml) of which 2 μ\ were injected into a research gas Chromatograph 5750 G equipped with a flame ionisation detector (Hewlett Packard, D-6000 ^rankfurt/Main 56).
Conditions of the gas Chromatograph:
glass column 115 cm, column temperature 240°C, stationary phase 3% OV-101 on* Gas Chrom Q, 100-120 niesh (Applied /mol (16) was used. Unter these conditions the cholesterol standard (5.00 mmol/1) according to Richmond was recovered almost 100% (x = 5.04, coefficient of variation 1.64%, n = 28). Method 5 and 6 were referred to a standard solution prepared according to Richmond (15) : 1450.02 mg cholesterol (purity 99%) were dried and dissolved in 50 ml propanol-2, of which 20 ml were combined with 15 ml Triton X-100 and then evaporated at 70°C under vacuum. The residue is transferred into a 100 ml volumetric flask with 40 ml hot, bidistilled water and 5 X 7 ml 200 g/1 albumin solution. At room temperature bidistilled water is added up to the 100 ml mark. One (or 2) ml of this stock solution are mixed with 2 (or 1) ml of 70 g/1 albumin solution to give a solution containing 5 (or 10) mmol/1 cholesterol. This working standard solution is stable at 4°C for one month. For the GC procedure cholesterol was drie4 and directly dissolved in ethyl acetate. No significant difference was found between the cholesterol used and standard material supplied by the National Bureau of Standards (Washington, D.C.,USA). The working standard was also used s a control in all other methods (except GC). Method No. 7 was referred to Precilip. Interference study The test for interference was similar to that proposed by Staehler et al. (17) . Ten or 100 ml of a large serum pool were mixed with the substance of interest as indicated in table 9. These samples were analyzed in various series together with several control samples (no substance added). The results from the control samples were used to calculate the mean and the ± 3.s-range (s = standard deviation). Bilirubin interference was studied by dissolving 6 mg bilirubin (E. Merck AG, catalogue No. 24519) in 500 μΐ bidist. H 2 O and 25 μΐ NaOH (1 mol/1). When the bilirubin was completely dissolved, albumin (70 g/1) was added to 2 ml. An aliquot (100 μΐ) of this solution was mixed with 1000 μΐ serum. Bilirubin was omitted in the control experiments. 
Reagents

Statistical methods
The results of the correlation study were computed by main component analysis (18, 19) . Serum samples were randomly selected from patients of our hospital. Other statistical methods were used according to l.c (20) .
Results
Imprecision
The GC and Kageyama methods had the highest imprecision from day to day (tab. 5), followed by the SMA procedure, whereas all enzymatic methods had j. Clin.Chem. Clin. Biochem. / Vol. 17, 1979 /No. 8 For the intermethod comparison the GC method was included in this study as a non-enzymatic procedure of relatively high specificity. The correlation data are summarized in table 6. All enzymatic procedures showed a similar correlation with the GC-method; the highest negative bias was obtained with the Merckotest method.
For graphical presentation of the correlation data the GC method is less suited because of its high imprecision (table 5) . For this purpose we preferred the 4-aminophenazone method (method No. 1 in table 1) whicfr is now mostly applied in clinical chemistry. Its correlation with the GC-method is shown in table 6 and figure 1. Under these conditions the 4^arninophenazone method correlated well (tab. 7> fig. 1 ) with the Merckotest, aide- figure 2 shows that this effect is not simply due to a parallel shift of the whole distribution pattern by a constant negative bias.
In addition, with some control sera, the Merckotest led to the lowest mean values, whereas with standard solutions the recovery was comparable to those of the other enzymatic procedures.
The esterase reaction was not actually tested. However, the good correlation between the Liebermann-Burchard or the GC method with its alkaline saponification step, and the other procedures using the enzymatic hydrolysis, indicates that the esterase action may have been sufficient in all tests used. The differences observed with control materials (table 5) could be explained by the various esterase sources which are chosen by the manufacturers.
Interference from endogenous substances
Assuming that the GC method is not disturbed by elev ated serum concentrations of triglycerides, hemoglobin or bilirubin, the results of this procedure were compared with all other methods. In figure 3 the difference (in mmol/1) between both methods was plotted against the serum concentration of bilirubin. In the case of an interference the regression line should be above or below the middle line and have a slope. The ± 3 standard deviation line was calculated from the results obtained with sera which looked clear and were not considered to be contaminated by one of the three endogenous substances.
No interference was noticed from hemoglobin (up to a concentration of 7 gA), or from turbidity caused by triglycerides (up to 12 mmol/1) under the conditions reported in figure 3.
Zak (3) mentioned the potential reaction of bilirubin with peroxide which could lead to an underestimation in procedures using an indicator reaction for Η 2 θ2· However, a distinct disturbance by bilirubin was only noticed with the Liebermann-Burchard method ( fig. 3 ). This overestimation of the cholesterol concentration in the presence of bilirubin is well known. In the presence of very high bilirubin levels added to 2 different sera (tab. 8), the 4-aminophenazone method appeared to slightly underestimate, and the Merck method to slightly overestimate, the cholesterol concentration.
Uric acid (up to 2000 μηιοΐ/ΐ) did not influence the cholesterol value in the enzymatic procedures.
Interferences from exogenous substances 50 various substances which represent the most common used drugs and anticoagulants (17, 20) were added in high, but relevant doses to pooled sera from several patients (tab. other methods, except for GC, are equally practicable, since all reagents can be combined into one mixture and cholesterol oxidase be used to start the reaction. In the aldehyde dehydrogenase method, the well known absorption coefficient of NAD(P)H can be used to calculate the result. The aldehyde dehydrogenase method requires either a sample blank, a first absorbance reading before the reaction has been started, or a kinetic measurement, which is a disadvantage with manual procedures.
Conclusion
In table 11 a decision matrix is established by weighting the results reported above. From this all methods could be ranked. As expected the lowest rank was obtained with method No. 2 arid 8. Table 9 : no interference +++, interferences from < 3 substances ++, from more than 3 substances +
